A potential intermediate in the synthesis of several trans-clerodane natural products has been constructed employing a Diels-Alder reaction as a key-step. Two epimeric exo-adducts were formed in a 4:3 ratio in an EtAlCl 2 -mediated cycloaddition of O-silylated 2-vinylcyclohex-2-enol and N-tigloylisoxazolidinone. Both isomers were converted to the trans-clerodane intermediate in four steps; reductive removal of the oxazolidinone, followed by O-benzylation, removal of the silyl protecting group, and, finally, a Dess-Martin oxidation of the deprotected alcohol to the corresponding ketone. It was possible to transform both isomers from the cycloaddition into the final target, but the major isomer was converted at greater yields. An interesting discovery made during the work was that the desilylation demanded significantly different conditions depending on which isomer was deprotected. The fact that the cycloaddition not only resulted in an excellent exo-selectivity, but also that the alkene to a large extent approached from the least hindered side, opens the possibility for enantioselective synthesis of the target compound from (R) or (S) diene starting materials in the future.
Introduction
The substitution pattern in the general decalin structure 1 is found in several trans-clerodane-derived terpenoid natural products (Fig. 1) . Compounds 2-8 are isolated from marine sponges [1] [2] [3] [4] [5] [6] [7] . Palauodiline (2) [1] and ilimaquinone (3) [2] were found in extracts with antimicrobial activities and sigmosceptrellin A (4) in an extract toxic to guppy fish [3] . The asmarines 5-7 [4] [5] [6] and chelodane (8) [7] exhibited antitumor effects and especially asmarine A (5) displayed activity against several cancer cell lines [4] . Compounds 9-12 are representative examples of trans-clerodanes with the general structure 1 isolated from plants (Linaria saxatilis) [8, 9] . Many of these exhibited profound activity against a variety of cancer cell lines [10] .
The substituted decalin ring system present in the natural products shown above has been synthesized from the Wieland-Miescher diketone [11] analog 13 as shown in Scheme 1 [12] [13] [14] [15] [16] . Reductive alkylation of the C-4 protected compound 14 occurred with excellent stereoselectivity; reduction with Li/NH 3 gave the trans decalin enolate, and the electrophile approached from the decalin face not blocked by the methyl group at C-5 [13, 14] . A slightly longer route to the intermediate 15 involves
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isomerization of enone 14 to compound 18 by a stereoselective Birch reduction followed by Pd-mediated oxidation of the kinetic silyl enol ether from ketone 17 as previously described for the synthesis of ent-18, [15] followed by stereoselective a-alkylation and reduction of the double bond [16] . The installation of the C-8 methyl group was done by a Wittig reaction followed by catalytic hydrogenation. The selectivity in the reduction was highly dependent on the catalyst used. Wilkinson's catalyst gave a modest diastereomeric ratio (dr) (1.7:1) favoring the unwanted isomer [13] ; Pd/C was very selective for the unwanted isomer [14] , whereas Crabtree's catalyst gave the desired structure 16 with an excellent dr ([ 99:1) [14] . Of course, the choice of catalyst and stereoselective outcome also depended on the identity of the R group.
In connection with our synthetic work directed towards of asmarines [17] [18] [19] and other purine-terpene hybrid natural products [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , we were interested in employing the Diels-Alder reaction in synthesis directed towards compounds with the general structure 1 (Scheme 2). We envisaged that cycloaddition between a properly substituted dienophile like the enone 22 [31] and the diene 23 carrying a bulky protecting group would occur with high exo-selectivity (another example of a exo-selective reaction using compound 22 can be found in Ref. [32] ), and that the dienophile would preferably approach from the opposite side of the bulky diene substituent. The retrosynthetic analysis also showed that the ketone 19 should be available after deprotection and oxidation of the Diels-Alder adduct 21, to the ketone 20, and the C-5 methyl could be installed 
Results and discussion
The synthesis of the diene (±)-23 from the known (±)-2-iodocyclohex-2-enol (24), available in two steps from cyclohexanone [33] , is shown in Scheme 3. The alcohol was silylated to give the silylether 25. The protecting group was chosen due to its bulkiness as well as high stability towards Lewis acids [34] . The vinyl group was installed by a Negishi coupling using Pd(dppf)Cl 2 as catalyst. The more commonly used Pd(PPh 3 ) 4 catalyst resulted in the formation of a b-elimination byproduct.
The diene (±)-23 was subjected to Lewis acid-catalyzed cycloaddition with the N-tigloylisoxazolidinone (22) [31] . Reaction conditions employed in the cyclization of the oxazolidinone 22 with a structurally related diene in the synthesis of (±)-tuberculosinol (1.9 equivs. Me 2 AlCl at 4°C) [32] gave only small amounts of product even after 5 days and substantial cleavage of the Si-O bond in the diene was observed. However, after a screening of Lewis acids and fine-tuning of reaction conditions, we found that the diene (±)-23 reacted with the alkene 22 (4 equivs.) and EtAlCl 2 (3.8 equivs.) at ambient temperature to give the exoadducts (±)-21a and (±)-21b in a 4:3 ratio. The formation of very minor amounts of endo adducts cannot be excluded, but, if formed, they were never isolated and identified. E-to-Z isomerization of the remaining alkene 22 (5-10%) was observed, but no Diels-Alder adduct from the Z isomer of compound 22 (adducts where the two methyl groups where trans to each other) was observed. Structure elucidations of the adducts are discussed below. The exo-adducts were separated to give 38% of (±)-21a and 26% (±)-21b.
The ketone 20 was synthesized from the major DielsAlder adduct isomer 21a in four steps (Scheme 3). Attempts to cleave the silyl ether 21a with tetrabutylammonium fluoride (TBAF) failed, since the oxazolidinone substituent also was affected by these conditions. Instead, we reduced compound 21a to the primary alcohol 26a. The best results were obtained with LiBH 4 and methanol in tetrahydrofuran (THF), but also some partly reduced amide 27a was formed. This problem while rare is still not unheard of [35] [36] [37] [38] [39] .
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Reduction with LiAlH 4 resulted in a series of unidentified by products and reduction with NaBH 4 was slow and required a large excess of the reducing agent. Finally, the alcohol 26a was protected as a benzyl ether, the silyl group was removed by TBAF, and the allylic alcohol 29a oxidized to the target ketone 20 by Dess-Martin periodinane. The expected regiochemistry [32] in the Diels-Alder cyclization was confirmed by COSY, HMQC, and HMBC NMR spectroscopy for both adducts 21a and 21b. The relative stereochemistry was established by one-dimensional (1D) NOESY NMR spectroscopy (Fig. 2 ). Correlations between H-5 and H-8a, H-8a and H-2, and H-2 and the low field hydrogen at C-3 proved these hydrogens all to be at the same side of the ring system in the major isomer (±)-21a. Likewise, correlations between the two methyl groups, and between the methyl group at C-2 and the high field hydrogen at C-3 established these to be on the opposite side. 1D NOESY NMR also revealed that the two isomers were epimers at C-5.
Since both Diels-Alder adducts 21a and 21b should give the same ketone 20, we also attempted to synthesize compound 20 from a mixture of the adducts (Scheme 4).
The oxazolidinone reduction gave a 2:1 mixture of compounds 26a and epimer 26b (53% yield) starting from a 4:3 mixture of the starting materials 21a and 21b. The reaction also produced a ca. 1:1 mixture of the amide 27a and epimer 27b (45% yield). Benzylation of the 26a and 26b mixture resulted in a 83% yield of a 7:3 mixture of the benzyl ether 28a and epimer 28b together with a very small impurity of dibenzyl ether. Deprotection of the silyl ethers 26 employing TBAF gave compound 29a in 76% yield, but no isomer 29b was observed. Instead, 85% of the starting material 28b was recovered. It was found that when the fluoride source was changed to tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF) and the temperature was raised to 80°C; the silyl ether 28b was cleaved to give the compound 29b in an excellent yield (Scheme 5). Finally, the alcohol 29b was oxidized under Dess-Martin conditions, although less readily than the epimer 29a. The target ketone 20 was obtained in 47% yield and 16% starting material 29b was recovered.
Conclusion
A potential intermediate in the synthesis of several transclerodane natural products has been synthesized employing a Diels-Alder reaction as a key-step. Two epimeric exoadducts were formed in the cycloaddition and both was converted to the same target molecule. Not only did the silyloxy group in the diene (±)-23 give excellent exo-selectivity in the cyclization with the oxazolidinone 22, but this bulky group also forced to a large extent the alkene to approach from the least hindered side of the diene. This opens the possibility for enantioselective synthesis of the ketone 20 by the same strategy as applied for the racketone 20 described herein, since both (R) and (S) alcohol 24 are available by literature methods [33, 40] . Both the isomers 21a and 21b seem to be useful in the synthesis of 20 though to a differing degree.
Experimental
1 H NMR spectra were recorded at 400 MHz on a Bruker AVII 400 instrument and 600 MHz on a Bruker AVII 600 instrument. The decoupled 13 C NMR spectra were recorded at 100 MHz or 150 MHz using the instruments mentioned above, or at 200 MHz using a Bruker Avance III 800 MHz instrument. High-resolution (HRMS) mass spectra under electron-spray (ESI) condition were recorded on a Bruker Maxis II ETD or a Micromass Q-Tof-2 instrument. Flash chromatography was performed on silica gel (Merck No. 09385). Dry dimethylformamide (DMF) and dichloromethane were obtained from the solvent purification system MB SPS-800 from MBraun. THF was dried either with the solvent purifying system mentioned above or by distillation from Na/benzophenone. ZnCl 2 was flame dried and stored, and weighed out in a glove box. Dry TBAF in THF was obtained by removal of water from TBAF•3H 2 O by co-distillation with toluene followed by drying under high vacuum before dissolving in dry THF. NaH, ca. 60% in mineral oil, was washed twice with dry pentane and dried in vacuo before use. All other reagents were commercially available and used as received. Starting materials available by the literature methods: compound 22 [31] and compound 24 [33] . 4 Cl were added. The mixture was filtered and the phases were separated. The water phase was extracted with 3 9 22 cm 3 EtOAc, and the combined organic phases were dried (Na 2 SO 4 ) and evaporated in vacuo. The product was isolated by flash chromatography eluting with hexane-CH 2 Cl 2 (1:4); yield 3.602 g (83%) 23 as a pale yellow oil. 1 
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Alternative B:
The reaction was performed in a 3.84 mmol scale (diene 23) as described above except that the isomers were not separated after the purification of the crude product by flash chromatography eluting with hexanes-CH 2 Cl 2 (50-100% CH 2 Cl 2 ); yield 1.347 g (66%) of a 4:3 mixture of 21a and 21b as a colorless oil. 
Compounds 26a and 27a
A mixture of 123 mg compound 21a (0.232 mmol) in 1.2 cm 3 dry THF under Ar atmosphere was added 0.019 cm 3 methanol (0.47 mmol) and the mixture was cooled to 0°C before 0.29 cm 3 LiBH 4 (0.58 mmol, 2.0 M in THF) was added dropwise over 1 min. The cooling bath was removed and the reaction stirred at ambient temperature for 2 h before 1.2 cm 3 sat. aq. NH 4 Cl was added and the phases were separated. The aqueous phase was extracted with 2 9 5 cm 3 CH 2 Cl 2 , and the combined organic extracts were dried (Na 2 SO 4 ) and evaporated in vacuo. The product was isolated by flash chromatography eluting with EtOAc hexanes (20-100% EtOAc); yield 63 mg (61%) 26a as a colorless wax and 34 mg (29%) 27a as a colorless solid. Compounds 26a, 26b, 27a, and 27b
A 4:3 mixture of compounds 21a and 21b (2.535 mmol) was reduced with LiBH 4 as described for the reduction of compound 21a above. The product was purified by flash chromatography eluting with EtOAc hexane (20-100% EtOAc); yield 600 mg (53%) of a 2:1 mixture of 26a and 26b as a waxy solid and 582 mg (45%) a 1:1 mixture of 27a and 27b as a colorless solid. Data for compounds 26a and 27a are described above. [(1R*,4aR*,5S*,6R*)-5-(Benzyloxymethyl)-5,6-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen-1-yloxy](tertbutyl)diphenylsilane (28a, C 36 
Compounds 28a and 28b
A 2:1 mixture of compounds 26a and 26b (1.33 mmol) was reacted with benzyl bromide essentially as described for the benzylation of compound 26a above; yield 594 mg (ca. 83%) 28a and 28b as a 7:3 mixture, waxy solid contaminated with minor amounts of dibenzyl ether. Data for compounds 28a is described above and for compound 28b later.
(1R*,4aR*,5S*,6R*)-5-(Benzyloxymethyl)-5,6-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalen-1-ol (29a, C 20 Compounds 28b and 29a
A 7:3 mixture of compounds 28a and 28b (1.11 mmol) was reacted with TBAF as described for the deprotection of compound 28a above. The compounds were isolated by flash chromatography eluting with EtOAc hexane (1:10); yield 172 mg (76%) 29a as a waxy solid. Compound 28b 158 mg (85%) was recovered. Data for compounds 29a as described above.
[(1S*,4aR*,5S*,6R*)- dry DMF was added to flask containing TASF. The reaction mixture was allowed to warm to 80°C over 3 h, which was left to stir for an additional 70 h, and cooled to ambient temperature. The mixture was quenched using 3.5 cm 3 phosphate buffer (pH 7) and extracted with 22 cm 3 EtOAc. The organic phase was washed with 2 9 6.5 cm 3 H 2 O (type II) and 6.5 cm 3 brine. The two water phases
